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Observation on the Swimming Speed of Fish

in an Annular Trowgh 11"

Swimming Performance of Anchovy

by ite Rounding Direction

Makoto INCUE** and

’ . - .
Resume: En améliorant le |

Kéichi

in gue nous

MIYASAKA**

avons utilisé dans la premiére partie de ce

mémoire de facen que ’eau circule & vitesse constante, nous observons le mouverent de Ianchois

par rapport au sens de la circulaticn de eau.
nire pendant 8 & 10 jours dans un vivier circulent toujours dans le

scns des aigu

méme sens de
des aiguilles d’une montre pendent 8 & 10

1 3

indique la supériorité du

1. Introeduction

. been used

Anchovy Engraulis japonice
bait in the pole and lmc fishing for

1

skipjack and for that reason, those caught by

as the living

purse seines are kept alive in octagonal crawls
(see Fig.

usually are swimming arcund either clockwi

1). Anchovy shoals kept in the crawls

to the study of

counter clockwise, and according
SUEHIRO (15836), it has beern well krown
the number of clockwise swimming shoal

crawls is larger than that of counter clockwise
swimming ones.
In the present study, the anchovy removed

from a crawl in which they had rounded either

clockwise or counter clockwise were tested in

he annular trough of an apparatus to measure

Fig. 1. A crawl for anchovy.
* Received Sept. 10, 1968 .
¥ Tokyo University of Fisheries

La plupart des

réflexe conditionné dans

—

anchois qui circulaient dans le

n expérimental et la plupart des anchois qui y circulaient en sens inverse
0 jours circulent toujours dans le méme sens, ce qui

le sens du mouvement.

the swimming speed and endurance related to the
ruising  speed, especially focusing on the dif-
; swimming capacity in roundings to
he clockwise and counter clockwise directions.
According to the results of the experiments, it
became obvious that the fish which rounded to

the clockwise direction in a crawl show a salient
superiority of swimming performance in rounding
and quite the

sekwise swim-

to the right in the trough, too,
true for the counter

2. Apparatus

Tl‘;e methed used here to measure the swim-
ced of fish in an annular trough with a
background is that which used by BRETT
JHNS (“,(;%) and INOUE (1967)
of this paper. The
milar to which devised

striped
et al. (1958), J¢

who is one of th

1

Inoue’s apparat
by BRETT, and t €
rihed in his previcus paper, but it

ils of the construction

has been

¢ modified in the present study as

The annular trough for water current is rotated
by a 1/2 horsepower eclectric motor linked to a
jue converter, instead of a hand gear which
was used in the previous study, and thus more
regular current speed can be obtained in the
trough. Besides, the water current is drived
freely to both directions of the right and left b,
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The apparatus used to observe the swimming

Fig. 2.
speed of fish. Note two suspended miniature lamps
at the opposite point over the trcugh.

changing direction of the trough. The visual
screen is rotated by the same assembly as that
used in the previous study. The speeds of the
visual screen and current are readily adjusted,
ranging from 10 to 70 cm/sec of the former and
from 20 to 55cm/sec of the latter when the
trcugh is filled with water up to depth of 7.5c¢m.

The visual screen was made of a white long,
narrow paper with vertical strips of black papers,
4cm wide, stuck on at 12 cm intervals to produce
a regular alternating pattern. The reason that
this pattern is used is due to the result in the
(INOUE, 1967)
showing the most effective eliciting on the optical
response of goldfish. At the preliminary test in
the present study several anchovy showed more
positive response to the mcving strips than gold

fish.

author’s previous experiment

3. Fish
The present study is constituted of three
experiments; Experiments I, Il and IIl. Ex-

periment 1 was carried out from 30th November
till 5th December, 1967,
swimming around clockwise in a crawl (called as
clockwise fish, hereafter).
performed for dace Tribclodon hakonensis and

using the anchovy
Experiment II was

roach Carassius carassius in collaboration of
the result of Experment I, from 1st to 4th,
February, 19€8. Experiment III was performed
from 19th till 24th, March, 19€8, using the
anchovy rounding counter clockwise in a crawl

(called as counter clockwise fish).

La wmer, Tome 6, N° 4 (1968)

The anchovy used in Experiments 1 and 111
were captured alive by purse seines in Tokyo
Bay and then immediately removed into crawls
from the seine.
is composed of a frame and a net, as shown in
Fig. 1 and the net is made of hemp plam with
The clockwise fish used in Experi-
ment I were kept for ten days in the crawl and

A crawl of which depth is 3m

fine meshes.

the counter clockwise fish used in Experiment
III for eight days before commencing the ex-
Their body length was 10cm or so.
Dace and roach which were obtained at a market
5cm  long,
Before the experiments for anchovy, hundreds of
fish
bamboo basket of 110cm diameter and set near

periments.

were 8~10cm and respectively.

in the crawl were removed into a round
the pier, 200m off the shore of the Tateyama
Fishing Laboratory of Tokyo University of
Fisheries in Chiba Prefecture, where the present
study was performed. About one hundred of
them were again transferred to the same shaped
bamboo basket floating an outside concrete tank
of 4x5x1.5m in

In every trial of the experi-

with dimension front of
the laboratory.
ments, about ten fish were scooped with a small
nylon net from the hasket and an only single fish
among them was induced into the trough of the
apparatus, selecting carefully a blue coloured, no
Before the

start of trials, if the fish shows an abnormal

wounded and full-scalled anchovy.

behaviour, such as, hovering head downwards,
touching on the wall or bottom of the trough
with its nose, or showing no locomotor response
to a current and visual screen, it is taken out
and a new one is put in again.

The fish kept in the basket of the concrete
substituted group of
another basket in the sea every day or every
two days, for fear of their fatigue, because they
were confined unfed in a narrow space.

tank were for a new

In Experiment I, as clockwise fish had been
kept in the water temperature of 17~18°C in a
crawl, the temperature of the apparatus was
maintained at 17~18°C or little higher. In
Experiment III for counter clockwise fish, the
water temperature of a crawl was 13°C, and as
it was seemed too low to get a active movement
of fish in the trough, the experimental tempera-

ture was raised by 2°C. In Experiment II for
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dace and roach acclimated at 20°C, experimental
temperature was also maintained at 20°C.

No illumination was given on the apparatus
in Experiments T and 1I, but in order to carry
on Experiment III illumination was provided by
two 40 W warm-white fluorecsent tubes.

4. Experimental Procedure

Preceding the experiment, in order to release
the most desirable swimming performance of
anchovy in the trough, the combined effect of
direction and speed of the visual screen and
current was considered.

The species responding strongly to a rotating
visual screen shows a striking rheotropic response
to a current and orientates against a current, as
pointed out by JOHNs (1963).
to the test on the combined directional effects of
the visual screen and current the best way was,
as it was expected, found in the case when the
fish was forced to rotate in opposite direction of
the visual screen and current.

First, according

Next, the quantitative relation of their speeds
was tested, but we could find no difinite relation
between them. This is, perhaps, caused by the
variation of individual behaviour in being subjected
to the stimulus. Thus the speeds of the current
and visual screen were adjusted in each trial
corresponding to the movement of each test fish.

In order to measure the swimming speed of
fish in the apparatus it is desirable to force the
fish maintain at a certain position of the trough,
not to gain ground, that is to say, fish does not

headway against a current, nor to lose ground,

Table 1.

The effect of the visual screen on the swimming performance of anchovy.
speed is calculated from the rounding number of fish in the trough for two minutes.

1)
9
58

that is to say, it lags behind a current, because
the swimming speed is directly represented by
the current speed in the trough. When a current
speed is slow and the screen speed is also slow,
a fish gains ground, but due to increasing a speed
of current, it gradually decreases its swimming
speed of gaining ground, and at last, at a certain
point the speeds of fish and a current just
By this way,
the cruising swimming speed of fish was obtained,

balances and maintains a position.

but the maximum swimming speed was measured
by another way, described in the explanation of
Experiment III.

Without the rotation of the vi ual screen, an
anchovy does not easily release a rheotropic
movement in the trough, and even in the case
when it is swimming steadily under the rotation
of the screen, if the rotation of it stops, the
movement of fish seems to be refused and soon
The effect of the

rotating visual screen, thus, is very significant to

fish streams with a current.

release the rheotropic response of fish, and it is
necessary to rotate the visual screen continuously
during a trial.

Table I shows the results of the experiment
to see the effect of the rotating visual screen on
anchovy. The figures in the table show the
mean swimming speed with gaining ground (+)
or losing ground (—) of two test fish for two
minutes in each trial. The experimental conditions
are as follows:

The speed of a current streaming counter
clockwise is kept steadily and only the speed of
the visual screen rounding to clockwise is
The swimming
+ and —

mean the facts that the fish swims with gaining ground and with losing ground, respectively.

Fish and A B
body length . ~ 10.9em 10.9cm
Current speed 53 cm/sec 42 cm/sec

Trial number Screen speed Swimming speed Screen speed Swimming speed
1 19. 0 cm/sec +5.6 cm/sec ‘ 22.0 cm/sec ' 0 cm/sec
2 20.0 +5.5 29.0 | —1.1
3 22.0 4.2 | 35.6 i ~1.2
4 24.6 +3.8 } 40.0 ‘ -2.1
5 32.0 +3.7 ‘ 43.0 | ~2.4
6 35.6 —0.8 46.0 | —3.6
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increased gradually for cach trial. From this
table, it can be understood that it is possible, in
some degree, to control the swimming speed of
fish by changing the rotating speed of t
screen. A clear difference of the swimming
performance between the fish A and B, the

he visual

former is gaining ground and the latter losing
ground, may be due to the difference of rheotropic
response between them.

5. Results

Experiment I

1) Comparison of swimming performance
of clockwige fish in the case of right and
left roundings

After a test fish induced in the annular trough

settled down we rotate the visual screen to the
right and in a few second after the fish had
followed it, we let a current to the left, adjusting
the speeds of the screen and current to desired
ones in order to make it swim steadily. The
observed swimming manner of the fsh in th's
case is one of the followihg four typss:

to a

1) maintains a certain position, facing
current, 2) gains ground, facing to a current,
3) loses ground, facing to a currert and 4)
streams with a current. A test fish showing
the menner of a:
regarded as unrheotrop’c and changed by a new
one. To the fish under the conditiors of 1) and

2) the experiment was carred out by changing
- .

rone of the last two wes

the sw.mming direction for every

by alternation of the current and screen
number of ga'ning ground or losnz ground wes
counted in each trial.

When the obssivation of the first irial for five
vsual

. ‘
minutes was over, the rotations of
screen and the trough were stopped and with
decreasing of a water s- he movoment of

the fish wes gradually van'shing. Aficr it stopped

H

completely in the trouzh ard took a rest for ore
the second

minute, we switched on
trial began. The visual screen rolates to the left

o

and the current streams to the right, as reverse
to the first trial, then tle fish is made to swim
to counter clockwise. If the fish apgears to
react poorly to a moving screen or a current at

the bzginning of the second trial, especially to

the left, a slight tcuch with a slender glass probe
is given to its caudal fin in order to elicite the
swimming. When the tactile stimulus was given
on a fsh no more than three times and it
showed no response, the trial was renewed and
the fish was recorded zs ‘“ unrheotropism *’.

Such hoth trials were repeated 8~10 times in
one experiment and the difference of swimming
capacity of anchovy between roundings to the
left and right was observed. By the change of
the rotating direction of the current speed, the
running speed of the fish to the right was
somewhat slower. This may be due to the
difference in rounding capacity of the motor to
both ways.

Fig. 3 shows the results of the experiment for
seven clockwise anchovy. In each experiment,
the speeds of the current ard visual screen were
adjusted in order to force the fish swim as
possible as actively. In this figure, the positive
ordinate represents the rounding number in the
case of gaining ground, and the negative ordinate
represents the rounding number in the case of
losing ground. The abscissa represents the order
of trials, even numbers clockwise roundings and
odd numbers counter clockwise roundings.

Experiment A in Fig. 3 indicates the results
of the experiment performed for a fish of 11.2
cm long under such condition that the current
speed is 35.0-37. 0 cm/sec and the screen speed
23.5cm/sec. At the first trial to the right
rounding, the fish rounded 3.7 times in the
trough, gaining ground for five minutes but at
the second trial to the lefi roundings, it lost
ground one time, even though it was swimming
against a current, and at the third trial to the
right, it gained again ground 3.5 times. After
repeating rine times such trials, it became
obvious that the fish showed a superiority of
swimming performance in the right rounding.

In Experiment B, althcugh the fish showed a
rather negative rheotropic performance in the
d with Experiment A,
it did not show any rheotrepic response in the

trials to the right comp

left roundings and was often streamed with a
current, without any active beating of the caudal
fin.

In Experiment C, no clear difference between
the right and left roundings was found. In

C4)

b



Observation on the Swimming Speed of Fish in an Annular Trough—I11

§4,.A °
E 3t 3 B
@ ®
Z 2F 2
= [ J
50 e, T e
E Lo L1 ® Q@ ®
= 123456789 1234567839
o0 Trial order
;-7’- X X 1t e o o
G»Z-— % 2"
3t 3t
up o F
®
12. 16 ® [ ]
° °
[ ]
1of 12 « °
x

8 . 8-
6t 4r

x
4k Lt 1 1 ® 9

12345678910
2 |-

12345678

Fig. 3. The compariscn of the

right roundings. Dot mark

swimming performance

237

_ C
250 P
8-
®
ot ® 20b
@
. hd
2+ o
® nar
12345678
X
.6 L © . @ . 9 . 9
12345678
| "Body | Current | Seceen
14 e ® length Smdl sim
. Fxp. em om: sec | emisee
12 -
35.0
A iz Ty |8
o U
B o7 el s
8 o ¢ o | %50
6f Lo 14 185|363
X x x 1
4 x ) 9.1 220123
2k 1|06l 360|168
AT s
U S T S S B W | « 12511”‘ 16.8
1723458678 L 22

of clockwise fish in the case of the left and

means the anchovy rounded to the right and cross mark the one to

the left. Cross mark enclosed by a circle means the fact that a test fish shows unrheotropic movement.
The figures indicated in the third column of the annxed table show the speeds of currents and the

preceding onc is that of the right directicn.

Experiments D and E the rheotropism of cach
test fish in the left rounding is very weak or
vanishes completely, in spite of a steady rheotro-
pism to the right way, and in Experiment F,
too, at the trials of Nos. 8 and 9 to the left, a
vanishing rheotropism was found. In Experiment
G, a clear difference was appeared between the
both.

In conclusion, a series of the seven experiments
using clockwise anchovy shows the superiority of
swimming performance in the rounding to the
right or clockwise direction.

2) Swimming speed and endurance of

clockwige fish

It i1s a matter of interest whether or not there
is a difference of endurance between the round-
ings of clockwise anchovy to the right and left
with the cruising speed. Cruising or endurance
speeds standardized over different
lengths of time, e.g. 20 to 25 minutes by FRY
and HART (1948), 60 minutes by BRETT (1958).
In this paper, however, cruising speed of fish is
defined as a initial speed before they begin to

have been

lose ground and fall back by increasing current
speed, and that it can be sustained for pericds
of the order of a hall hour.

The anchovy induced in the trough was forced
ot move at cither way and it showed a definite
easiness to round to the right compared with to
the left.

the first stage of the experiment, even the fish

If 2 higher current speed is given at
is rounding to the right, it is liable to be streamed
with a current, because it might be impossible
Thus, each

experiment was commenced urder a lower current

to acclimate quikly to a high speed.

speed and then it was increased gradually,
watching carefully the swimming manner of the
fish, but the rotating speed of the visual screen
was usually kept constantly.

Fig. 4 shows the relaticn between the cruising
speed and the endurance time of nine fish out of
fifteen fish tested, among which six fish showing
no or poor rheotropism were omitted from the
figure. Amcng the nine fish showing in Fig. 4,
seven swam to the right and the remainder to the

left.

Endurance time is indicated with the pericd

€5
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indurance time in munute

Cousivg swimining spead i ewber

TFig. 4. The relation between the cruising speed of
anchovy and the endurance time. Dot and cross
marks are the same as those in Fig. 3. Figures

near these marks show the body length of test

fish in cm.

from the start of the experiment till the fish is
streamed by a current owing to its fatigue.
Unfortunately, as few numbers of the fish rounded
to the left, the precise comparison was not
expected, however, as far as the data show, the
swimming endurance of the fish rounding to the
right exceeded that of the left.

This result is similar to the one obtained in
Experiment I, that is to say, clockwise anchovy
show the superiority of swimming performance
in the rounding to the right.

Judging from the curve of the stamina it is
found that the consumption of the stamina is
dependent on the cruising speed, namely a higher
swimming speed consumes the stamina in a
shorter time and a slower speed sustains the
stamina for a longer time. Further experiments
will reveal whether the relation between the
cruising speed and the endurance of anchovy will
be represented by a linear or curvlinear curve.

Experiment 1I

Supplementary test of dace and roach

It might be doubted whether the superiority
of anchovy in the right rounding, which had
rounded to the right in a crawl, is revealed by
the mechanism of the apparatus used or the
experimental procedure, or by the natural
behaviour or the accustomed performance of the
fish. To make those clear, the same experiment
as Experiment I-1 was carried on with six dace

g A c E
5
£ 20K X 8y 25
: x .
2 = k- -
z 8 ok 20 °
<
- 6k 4l 15k °
2 [
£
£ X
z 4 2 =
> L [ ]
s 12k ob— 1 x 1 o @
s 3 4 5 X
H
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1 2 3 4 5 ) 2 3 4 56
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B D F
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° 20[
8- 101 ®
151
X
61 X -
° 1o~ *
4~ 5+ X
% X
3 e X - 5
oS S R T T L
1 2 3 4 5 1 3 4 5 1 2 3 4 5

Fig. 5.

The comparison of the swimming performance of dace (A, B, C and

D) and roach (E and F) in the case of the left (X) and right roundings
(@). The current speeds are 27.5~30.4cm/sec and the screen speeds

24, 1~25. 2 cm/sec.

65
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and two roach which had been kept in a rect-
angular glass aquarium with dimension of 45%10
X30cm for six months after they were caught
in a river in Tateyama. They always repeated
only straight and turning swimming performances
and never been accustomed with rounding
movement.

The results obtained from the experiment are
shown in Fig. 5, and no clear difference in their
swimming performances was found in any trials
between roundings to the right and to the left.
Therefore, it becomes clear that the results
obtained in the previous experiments are not due
to the character of the apparatus or the ex-
perimental procedure. But it is not yet clear
Table 2.

left and right roundings.
parenthesis shows trials order.

whether it depends on fish’s natural behaviour
or accustomed
experiment concerns.

performance so long as this

Experiment III

1) Comparison of the swimming perfor-
mance of counter clockwise fish in the
case of right and left roundings

To investigate whether or not the reverse to

the results obtained in the Experiment I may
exist, that is, if counter clockwise fish are used,
they might be apt to do left rounding as clockwise
fish were apt to do right rounding in the
Experiment I, the almost same experiment

procedures were taken except we used two small

The comparison of the swimminz performance of counter clockwise fish in the case of the
+ and — mean the same facts as in Table 1. The figure enclosed with

| Current speed cm/sec

Fish | | Body length

Screen speed cm/sez | cm
16.2-—18.5

A 10. 3
16.4-16.9
16.2--18.3

B - 10. 8
16.4—16. 8

11.2-18.1 !
C B 11,2
16.4—16.8 |

16.2--18.5

D 10.2
16.4—16.9
16.1—17. 1

E 9.7
! 16.4—16.8
16.2—17.8

F 9.3
16.4--16. 8
19.5—-20. 1

G T — 9.5
23.7—24.3

7 22.6-24.3 7
H 9.8

Rounding number
in right way

Rounding number
in left way

+8 (D ; -10 @
b4 () 1 -0 @
P o —wm e
+11%  (3) F 1l (4)
+11%  (5) 0 ()
+m% (D — 4% (2)
+ 9% (3) —19% (4
-2 (5 -22  (6)

7 +12 (D 7wrmﬁ7;ﬁm@7(§77ﬁ
+11%  (3) +6 (D
+11 (5 + 5% (6)
+12% (1) 6@
+1 & —-20 (4
TR 1@
-3 — 6% (3)
15 D unrheotropism (2)

il (3)

4;20 ‘ (;;ﬁ : +20 €))

+20 (3 + 5% (4)

Y

~—r
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lamps on the trough. 1o *
Before the trough hegins to rotate
was lured under the suspended lamps . F X .
water surface, and then the lamps = F
being rotated in the opposite direction e
¥ Ko
the fish swam very well following the | FE ¢
2 501 X %
a manner substentially " R
.. - = L @
gaining ground a st a £ o ) x ® x
the current ard screen w 1 3 L 2 e
- f\ E ®
Ll i L (3 A LT Lo L -
to change for each experiment 'b"' ause the effect s
of the lamps to elicit the swimming of fish was : |
very high. l
. i I ! i —
The results cbtained 57 %0 55 10 05 no s

experiments were shown tody length in cm
difference of the swim Fig. 6. The maximum swimming speed of various
fourd in the table except anchovy. Cross mark means the lelt rounded
the rounding numbers of anchovy and dot the right rounded cne
the trial advarces,
direction, perhs
trials.
Consequently, it may

tendency is very sin

the remainder

Le Hp'}u.st SWIMming spee d n

1o

ail was 100 en . but the difference of swimmi

in Experiment [-1.
2) Maximum swimming speed
Following BAINBRIDGE (185
swimming speed of fish

speed by body length was rot clear.

B

Th(‘ water fter mperature  weas 1

eratures ()f L'Rt’ LLLTAL’LI(M ana

defined as the highest
maintained for one mi
current speed produced
trough is 55cm/sec, on the other

maximum swimming ~'1.;er°d of maost
ad oﬁf 25 cm/sec,

over 55 cm/sec. Therefore, in the ¢

speed

fo
was still gaining grourc 1 even
speed reached at the maximum,

swimming speed  was

: within
formula
Ty

S=0C+G
Where, S,
speed of fish in ¢

'C and of the experiment

on the

C, the meximum

is 5bcm/sec cons

: : 1 < :
swimming speed O he fish s Tming

cm/sec which is ob sven waere the

102 cm (the mean
trough) X 3, 14 X rounds
for one minute-+€0.

Fig. 6 shows the maximum swimming ish which

of twenty one test ﬁsh in varicus lengths, twelve a crawl

of them were made to round to the left and (counter cloc
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the right. The cruising speed of anchovy
observed in the sea by OKABE and WAN (1936)
was about 40 cm/sec for fish of unknown length,
and by the study of KmMURA (1931) it was
about 60 cm/sec, which was observed with a
cinecamera in the annular tank of a laboratory
for a mixed shoal with sardine Sardinops
milanosticta.

According to the study of BAINBRIDGE (1959),
the maximum swimming speed which a spindle-
shaped fish can maintain for one minute usually
is 8~10 B.L. cm/sec (B.L. means body-length).
His fromula is able to apply to the top case in
Fig. 6, but, here, the individual variation is so
large that it may be hard to say that the
maximum swimming speed of anchovy is pro-
portional to their body length.

6. Discussion

From the study it is obvious that the clockwise
anchovy in a crawl shows the superiority of
swimming performance to the right in the
annular trough and the reverse is also true for
counter clockwise fish. From this phenomena it
may be given as a coaclusion that the anchovy
conditioned to round to a regular direction for a
few days could have got a habit to round to
that direction, in other words, previous condition-
ing and handling betowed to the fish could have
effect on their swimming performance.

This conclusion will be supported by the
author’s experiment for non-conditioned dace and
roach, showing no difference in their swimming
performance between roundings to the right and
to the left. This also is supported by a fact
obtained from Macloed’s study (1967) on bass
fingerlings Micropterus salmoides that the fish
forced to swim around in a regular direction in
his oval tank showed a speed of 2.39 cm/sec, on
the other hand, the fish not forced to swim in
regular way showed a speed of only 0. 85 cm/sec.

The conditioned swimming performance of
anchovy seems to be quite stable, and in fact,
as reported by SUEMIRO (1936), anchovy in a
crawl never change their swimming way even
when they are interrupted their swimming course
by an obstacle, and furthermore, even one
removed from one crawl to another they took

the same course as before. SUEHIRO (1936)

also supposed that anchovy has an advantage to
the right round over the left from the result
that once anchovy expired out of water, the
death rigor set in nearly all of them towards
the right when observing them from the dorsal
side. His supposition accords with our result
in Experiment I for clockwise fish, but in
Experiment III for counter clockwise fish, the
reverse was found. This inconsistency must be
proved in future by using the anchovy which are
caught by nets and immediately removed in the
apparatus, that is, not conditioned to round to
any way in crawls,

7. Summary

1) The water mass in the annular trough
surrounded by a striped screen was streamed by
the rotation of the trough, and the difference in
the cruising speed and the maximum swimming
speed of anchovy between roundings to the right
and left was investigated. In the last experiment,
two small lamps suspended over the water surface
were used as optical stimulus to release a
performance,

swimming together  with  the

striped scr

BN

2) In Experiments 1 and III, test fish were
made to change their swimming direction to
either way of the right and left every five
minutes and observed the difference of the
swimming performance. As the result, it became
obvious that anchovy which had rounded to the
right in a crawl were superior in rounding to the
right compared with the rounding to the left,
and vice ve

sa. 1t might be said that anchovy
kept in a crawl for eight or ten days, rounding

to a regular way before being transfered into the

apparatus have been conditioned to round in the
same way. Thus, previous conditioning could
have effected on swimming performance.

In Experiment II for dace and roach, which
were non-conditioned fish, no difference was
found in both roundings.

3) As only two fish swam with rouning to
the left for a long time, the comparison of
swimming performance by its rounding was not
clear. But it can be found, as far as a few data
show, that the endurance time of the fish which
had rounded to the right in a crawl is longer in
rounding to the right than to the left. The

9
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endurance time is proportional to the cruising
speed.

4) The maximum swimming speed of anchovy
which rounded to the left in a crawl attains
over 60 cm/sec in rounding to the left. Among
the 21 test anchovies, the highest maximum
swimming speed was about 10 B.L. cm/sec.
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Etude de Deffet du feu dans la péche et de son opération (IV)

Yutaka IMAMURA

Reésumeé: I intérét particulier porte sur la relation entre le feu .et la péche au filet. Nous
propozons une méthode de calcul de la clarté autour de la lampe sous-marine ainsi qu'une
méthode de détermination du nombre maximum des bateaux de pache en pleine activité dans
une pécherie dans le cas ol l'intensité lumineuse du feu est fixée.
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Fig. 55. Plan of Takiireami (lampara-net)

Fig. 56. Working of Takiireami; B means floating
cask, and S sinker (stone).
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Fig. 57. Operating-view of Takiireami; T means
towing boat, N netting boat, and L ligting boat.
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Table 54.

Monthly catch of 57 boats in Tanabe Bay.

BB 2 JOOBIRIF L 7 OB (V)

quarter and poor rank of below three-quarter with marks of circle and cross, respectively.

The catch was classified into good rank of over a

Boats

No.

U W o

[oliNe TS IR =21

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

37
38
39
40
41

o

O

X

order

|
catch i

(k)
17200
7170
4470

1215
11010
5130
4665
7795
9450
6210
4050
2310
2775
5550
3465
6480
4590
2760
7335
6120
2190
630
6690
5040
5605
1680
6405
2475
5055
1815
8175
285
780
3135
1835
945
195
4880
2455
3285
3825
360

May

order catch

ON®

GRONGC)

I

X X X X X

[

G
2396
3220
1905

| 2220

| 14445
8775
6975

7200

| 11475

10260
6675
1225

11160
6165
7815
7590
7530
6150
6180
3930
3555
3015
8775
6750
9975
2250
5445
2310

18510
2400

14175
2610
1050
1275

660
645
450
2700
2880

12975
1755
1200

(13)

|
i

order

M
(%

)]
L

June

catch

(kg)

7680
i 11550
10530
3990
6465
7665
3525
17430
8250
5670
4425
2205
5025
8190
6345
4410
9225
5085
3825
8370
3015
1935
3015
2190
4320
4590
3900
3150
1740
1680
12270
360
2385
1200
570
1005
465
285
1920
5625
965
2025

|
‘ order
I

July

O
O
~
A

N
J

O C

O

O X X X X X

catch
(kg)

27665
27300
25110
7965
28620
16920
21885
15450
5550
17640
7485
7200
18825
17040
6060
26325
31095
4500
9630
17640
15285
11760
14760
7920
7110
10395
18855
27640
3555
2550
44355
1635
9450
1620
930
810
705
1185
930
21045
7620
2730
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43 ’ 2685
44 1995 = x
45 } 3150
46 ‘ 2825
47 | X 975
48 X 1335 x
49 1470
50 3240 X
51 ‘ 1950
52 X 0 X
53 X 1215 | x
54 X 1275
55 X 930 x
56 x 915 | x
57 3010

Has (1968);

PHAMEPEF 22038

3375 | x 855 10980
675 X 35 | x 915
3270 900 1410
4155 1665 | 7155
3210 3195 4245
315 X 840 X 1275
1470 X 480 X 175
1095 X 435 X 720
2355 | 965 2130
20 | x 0 X 0
30 | x 390 X 750
1530 | x 300 x 465
1250 X 270 X 120
885 | X 390 X 0
2122 % 1205 2128
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Table 55. Occurring frequency of good (O) or poor
(X) catches on 57 boats showing in Table 54.
See Table 54 on circle and cross marks.

Good catch

0 1 2 3 4 | Total
Poor catch ] -

0 4 8 8] 3| 23

1 7 0 0 0 0 7

2 5 0 0 0 0 5

3 5 0 0 0 0 5

4 6 0 0 0 0 6
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Table 56.
over 1/n against the lergest catch in every month.

Distribution of fishing-boats which caught

. The Mon h

AN

April May June July

1 N

17200 18510 17430 44355
n . (kg) (kg (kg) leﬂ
1~7§- 3 8 5 8
%;~v%f 18 13 15 12
%~% 10 9 9 9
Fr 3 ! 2 g
‘ 117) and less 0 B 0 B ”.’177 ‘jv
Tol | 34 ﬁ? Mo os m
*

C means the largest catch.
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Table 57. Number of fishing boa‘s obtained the catch

of over 1/n the largest ca'ch. For explanation on

n see text.
"« Month ‘ ‘
h April  May | June | July
LI R S o
2 } 3| 8 5 | 8
4 2 21 20 20
8 ‘ 31 30 29 ! 29
16 | 34 | 34 | 31 31
401
N
301 °
&
=
4
© 20
101
0 2 4 8 16 |""’gn
Fig. 58. Relation between the density of fish shoal
in which the catches of over 1/x the largest catch
were obtained and the number of boats which
obtained the catch of over 1/n the largest caich.
The figure was translated from Table 57.
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Fig. 59.

an underwater lamp.

Reflection and transmission of the light by
See the text on each mark.
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Catch

1 1 I

i
Aug  Sept (Oct: Nov Dec

Fig. 60. Percentage of monthly catch of saury
throughout the fishing seasons from 1952—1955.
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Table 58. Calculation values ol 7.

For explanation on r see text.
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Table 59, Catch of saury by five tonnage class boats in Chiba Prefecture,
1954. 10 19 tons class is a standard of ratio.
Class l Numbers Operation days Total gﬁ;ghinpzr (;);16
Date of | of — Cartch : y
boat | boats é:yil Mean Ratio (kg) Catch (kg) i Ratio
" (tons) - N
9.12 10~19 15 7 1.13 100 144670 8510 100
20~29 26 29 1. 11 98 274125 9452 111
j 30~39 8 9 1 112 99 48750 4527 1 53
40~49 } 3 1.33 118 ; 58125 14531 ‘ 171
9.14 50~ 80 } 14 21 1.50 133 } 336750 16035 188
9.15 10~19 | 18 28 1. 56 100 | 190500 6803 | 100
20~29 29 | 43 | 148 | 95 329875 7508 110
j 30~39 11 18 ! 1.64 i 105 208875 11604 171
40~49 | 2 2 1.00 64 37500 18750 276
9.19 50~ 80 1 16 22 1.37 88 380250 17284 254
9.20 10~19 19 26 1.37 100 376500 14480 100
. 20~29 35 70 2.00 146 1206375 17233 119
j 30~39 11 22 2.00 146 512625 23301 161
40~49 3 6 2. 00 146 114375 19062 131
9.24 50~ 80 18 36 2.00 146 881625 24489 169
9.25 10~19 23 46 2.00 100 592500 12880 100
20~29 34 61 1.79 90 945750 15504 119
{ 30~39 11 22 2.00 100 416250 18920 147
' 40~49 3 8 2.67 134 135000 16875 131
9.29 50~ 80 17 42 2.47 124 774375 18437 143
9.30 10~19 19 29 1.53 100 252375 8702 100
20~29 30 48 1. 60 105 649125 13523 155
j‘ 30~39 9 17 1.89 124 358125 21066 243
40~49 4 8 2.00 131 163125 20390 234
10. 4 ; 50~ 80 | 16 | 23 1.44 94 693000 30130 345
10.5 ‘ 10~19 23 40 1.74 100 353250 8831 100
20~29 33 | 56 1. 70 98 173625 3100 35
j 30~39 10 23 2.30 135 255750 11119 126
40~49 4 9 2.25 129 95625 10625 119
10.9 50~80 18 ‘ 33 1.83 105 437625 13261 150
10. 10 10~19 27 i 43 1.59 100 ‘ 544125 12654 100
. 20~29 33 63 1.91 120 | 1095375 17386 137
j 30~39 11 23 2.00 126 ' 427875 18603 147
40~49 3 7 2.33 147 | 148875 21267 168
10. 14 50~80 15 1 27 1. 80 113 536250 22860 157
10.15 10~19 27 | 60 2.22 100 786000 | 13100 100
N 20~29 34 85 2.50 113 1203000 14152 108
s 30~39 11 32 % 2.90 131 430500 13453 103
v 40~49 3 i 7 2.83 127 121875 17410 133
10.19 50~80 14 5‘ 33 36 106 579950 17574 134

~N
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o
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(tons)
10. 20 10~19 26 37 1.42 100 151125 4084 100
20~29 28 58 2.07 146 372750 6426 157
j 30~39 11 19 1.73 122 115500 6078 149
40~ 49 3 8 2,67 188 58125 7265 128
! '
10. 24 50~ 80 14 30 2. 14 151 390375 1801z 819
10.25 10~19 28 55 1.96 | 100 528750 9613 100
f 20~29 35 76 217 | 111 949125 12488 | 137
J' ﬁ 30~39 10 19 L9 | 97 320625 16875 | 175
‘ 40~ 49 4 7 L.75 | 89 78000 143 | 116
10.29 50~ 80 16 29 1.81 | 92 440625 15193 | 158
- i o R T T R 1 - - i
10. 30 10~19 | 20 | 27 135 | 100 ‘ 229770 | 8510 100
| | 1
! 20~29 | 29 51 1.76 130 434010 | 8510 100
5 30~39 | 10 24 2. 40 178 | 313760 13073 ‘ 153
' 40~ 49 4 7 1.75 130 ‘ 86950 i 12421 146
|
11.3 50~ 80 15 | 30 1 2.00 148 ‘ 109020 | 20301 238
1| 10~19 2% | 66 | 254 | 100 591260 1 8958 | 100
, 20~29 | 90 2,43 9% 928145 | 10313 | 115
\ | 30~39 ‘ 10 ‘ o8 | 2,80 110 336700 ‘ 12025 | 134
| |
S A0~49 | 3 1l 367 144 149850 | 13623 | 152
18 50 ~80 18 43 \ 2,39 94 819550 | 18059 | 213
U5, EEEo, G 4lux 2 LT r Off BHERTTRANI. oD HiERDH B AO DA
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tang - 18 - 030
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Fig. 61.
the position of a dip-net.
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Re'ation Letween an attracting fich lamp and
See the text on marks.
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Table 60.
in five tonnage class boats.

Numbers of saury-gathering-lamp

Mace Whie . Ratio,
U(Elﬁas . Jamp : }\iulx?ber»s light-
oat (W) ot lamps strength
(ton) |
10~19 500 13 100
20~28 500 19 | 146
30~39 500 23 177
40 ~49 200 26 200
50~ 80 500 29 223
ENBICE 2 BB O GRMZERICTH B
EHEET S L, il (B) K
.. ke nt
(nh4r)tee = RET L
I,
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Table 59 oW T ALARANT 5,
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10012 & AU D E RO MO L Table 60 T
KT ERD Th D,
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Tab'e 61. Ratio of daily ca‘ch per one boat in four tonnage class of
over 20 tons to the ca'ch of 10—19 tons class.

ing lamps and the unit catch. Abscissa shows the
ratio of light-strength of each tonnage class boats
shown in Table 59 to that of 10--19 tons class.
Ordinate shows daily catch per one boat.
() @ Operation days of 80—120 % against 10—19
tons class
@ : Operation days of over 120 % against 10—19
tons class
X . Operation days of less 80 % against 10—19
tons class

Figures near the marks show the frequency.

Ra‘io |
80~120% 80% and less 120% and more
Month : — _
class ‘ | ‘ | ‘
; 20~29 30~39 40~49| 50~80 20~29‘ 80~39 40~49 50~80 20~29 30~39‘ 40~49 50~80
a'e i : ‘ : -
el m1 53 171 | i ‘ 188
Sepr. 1519 o 17 254 276
L 20~24 ! ‘ ‘ 1 S 19| 161 131 169
. 25~29 19 147 3 | | | | 181 143
30~ 4 155 345 : 243 | 234
5~9 | 35 150 126 119
Oet. 10~14 137 157 147 168
15~19 | 108 134 103 133
20~24 157 149 128 319
25~29 137 175 116 158
N 30~ 3 ! § o0l 153 e 2
OV ! i | i |
4~ 8 115 134 Y Lo1s2
Gep metric ’ 107, 11 115.5 | 1408 | 184.9 | 0 1232 149.6 | 1461 | 2027
Mean | | 1 | |
log WIHM L Thb &, Table 61* D X 512 5,
Ko — . .y
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Fig. 62. Relation between the light-intensity of fish-
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Table 62.

1968); HildgrE¥ ik

Re'ation between the ca‘ch, the net and f{ishing lamps.

Ld ch
Class of boat Gear e
Good Ordmary Poor
10 (ton) Size of ne* 19m X21lm 19m X 20m 23m X 18m
Ga herine light whi‘e whi‘e white
rahering g 500W x 15 500W X 12 500W X 12
g Luring licht white white white
. -uring figh 500W X 5 500W X5 500W X 5
Ca‘chine light red red red
19 aching Lgh ﬂww>«1 500W X 4 500W X 3
20 Size of net 38m X 22m 20m X20m 20m X 20m
Gathering light white white whi'e
! g8 g 500W %21 500W X 18 500W X 138
Luring light white whi‘e whi‘e
-uring high 500W X 9 500W X 5 500W X 5
s . red red red
29 Catching light S00W 4 500W X6 500W X 6
30 Size of net 45m X 44m 22m X 20m 21m X 18m
Gathering light whtte white white
rathering figh 500W X 30 500W X 20 500W X 20
g Luring Tight white white white
. g figh 500W X 3 SOOW X 5 BOOW X 5
Caching light red red red
39 A ching Hgh 500W X 5 500W X 4 500W X 4
30 Size of net 21.4m X21lm 24m X22m 22m X 20m
Ga'hering light whi‘e white whi‘e
p sahering g 500W X 30 500W X 24 500W X 24
Luri light whi‘e white white
anng Hgh 500W X 6 500W X 8 500W X9
Carching ligh: red red red
80 Aa.ching hght 500W X 6 500W X 6 500W X 6
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Table 63. Ca'ch of 1019 tons class
boo:s through the season.
‘\7'_“\\\\ Catch
T Good Ordinary Poor
Tonnage N -
18 16 17.6
Boats
1 I _
No. 1 13518 kg | 11&35 kg 6408 kg
2 13800 “ 11027 | 6563
3 12895 | L6439
4 12025 . 7687
5 11981 | 5355
Total 64219 22552 32452
Mean 12843 11276 6490

Relation between the catch and the
clements of fishing, in 10--

Table 64.

19 tons class boat.

S Catch
S T Good Ordinary Poor
\ 7 I
D) km(nt ‘\\ lovmdg . ) )
of 18 16 17. 6

fishing e
Catch per

one boat 12843 kg

11276 kg 6490 kg

19m X21m 19m X20m 23 m X 18m
500W X 15 500W X 12 500W X 12

Size ol net

(Grathering lamp

Luring lamp 500W X5 500W X5 500W X5
Catching lamp 500W X4 500W X4 500W X3
Total candlec of € .
Potal candles of CCO 507 9u60cd 99600
gathering lamp o i

C/3 23.3 21.5 215

Table 65. Catch of 2029 tons class boats

through the one season.

. Catch
™. (5ood Ordinary Poor
~.. Tonnage T
27 25. 4 25,1
Boats S
|
1 14250 kg 12800 kg 8250 kg
2 | 15528 13200 | 10185
3 ; 15154 12898 10020
4 | 15270 | 7870
5 15223 6597
Total 75435 38898 42922
Mean lso87 12966 8585

(25)
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Table 66. Relation between the catch and the
elements of fishing, in 20—29 tons class boats.

W6 AT

~o. Catch
S T Good Ordinary Poor
Element ;_Tonnag(; -
of ) 27 25.4 25.1
fishing SR .
Catch per O -
one boat 15087 kg~ 12966 kg 8585 kg

Size of net 38m X22m 20m X20m 20m X20m

500W X 21 500W X 18 509W X 18
500W X9 '500WX5 500W X5

500W X4 500W X6 H500W X6

Gathering lamp

Luring lamp

Catching lamp

Total candles of

gathering lamp (C)
C 1/3

17430cd ~ 14940cd =~ 14940cd

2559 24.6 24.6

Table 67. Catch of 30--39 tons class boats

through the one season.

T~ Catch ‘
T Good Ordinary . Poor
Tonnage
a 37 3.5 33

Boat T ) o 7
1 17213 kg‘ 15870 kg 9510 kg

2 17962 15614 12610

3 18337 12905

Total 58612 31484 35025

Mean 17837 15742 11675

Table 68.
elements of fishing in 30—39 tons class boats,

Relation between the catch and the

T Catch

el Tl Good Ordinary Poor
Element Tonnage

of 37 32.5 33
fishing
Catch per . ~
one boat 17837kg  15742kg  11675kg

45m X44m 22m X20m 21m X 18m
500W X 30 500W X 20 500W X 20

Size of net

Gathering lamp

Luring lamp 500W X3 500WX5 500W X5
Catching lamp 500W X5  500W X4 500W X4
Total candles of . . ] | 50 -
gathering lamp (C) 24900cd  18260cd | 18260cd
c 29,2 25.5 255

(26 )
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Table 69. Catch of 50—80 tons class boats

through the one seasons.

_ Catch ‘ ?
T Good Ordinary Poor
. Tonnage
T 66 66 74
Boats I
No. 1 91563kg 21088kg 6060 kg
2 25294 21224 10534
3 24101 20409 17344
4 22908 11456
5 22500 14028
R ———————
Mean 23273 20907 11884

Table 70.
elements of fishing in 50—80 tons class boats.

Relation between the catch and the

e Catch
R " Good Ordinary Poor
Element -~ Tonnage
of o 67 66 74
hishing \>

Catch per - 77 . , A HY
ome boat 23907 kg 20907kg 11884 kg
21.4m21lm 24m X22m 22m X20m

S00W X 30 500W X 24 500W X 24

Size of net

Gathering lamp

Luring lamp 500W X6 500W X8  500W X9
Catching lamp 500W X6 500W X6  500W X6
Potal candles of 24000 ¢ 19920 ¢ 19920 ¢
gathering lamp -

cvs 29.2 27.1 27.1
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The Larval Development of Palaemon modestus (Heller)
in the Laboratory”

KwON Chin Soo** and Yutaka UNO**

Resume: Les auteurs ont cultivé la larve de Palaemon modestus (Heller) par la larve
d’ Artemia salina dans un bassin & eau de 27,8~28,2°C et de 3,12~4,03% Cl. Elle se
métamorphose en postlarve normale via deux périodes de zoé et quatre périodes postlarvaires.
La forme larvaire & chaque péricde est décrite avec Dillustration. Si reproduction appartient

au type défini par SOLLAUD.

1. Introduction

The small fresh water prawn, Palaemon
modestus (Heller) distributes from upper Tungush
river (Russia) to Formosa, according to Holthuis’
report (1950). This species is commonly present
in shallow rivers, lakes, mushes and pools in
Kyeung-sans-namdo province of south Korea;
especially a large mass of this species can be
found in Nak-dong river, which is located near
Pusan, Korea.

Larval development of this species was reported
by LIt (1949), but he did not give a complete
characteristics of the larva and did not look into
the ecological and morphological aspects.  The
present paper is an account of larval development,
growth and morphological difference according to
habitation-places.

This experiment was done in the laboratory
of Tokyo University of Fisheries; and our
acknowledgements are due to Prof. KiM Im Rae
in Pusan Fisheries College for collecting and
sending specimens from Korea and also to
Assistant H. YAMAKAWA of the University for
helping with the apparatus.

2. Method

The berried specimens, Palaemon modestus
were collected from Nak-dong river, Korea under
following conditions: water temperature 22,5~
31.7°C, pH 6.6~7.6, oxygen content 7.0~9.3
mg/!/ and salinity 0.35~0.44 %, Cl. The prawns
were transported on July 9, 1967 to Tokyo

*  Received Oct, 3, 1968
ok

Tokyo University of Fisheries

University of Fisheries. After arriving, they
were kept in aquaria under the conditions of
salinity 3.12~4. 03 %,, water temperature 26, 8~
27.7°C and pH 7.8~8.1. Larvae used for the
experiments, were hatched from second filial
generation-adults reared in the laboratory. The
aqariums during the experiment were controlled
with thermostat and heater to maintain constant
temperature (26.8~27.7°C), and they were
sand-filtered by means of an air-lift and flowed
into rearing pouches, the rate of flow was about
0.2 per minute. The figure of an aquarium for
the experiment is shown in Fig. 1. The aquaria
was fitted with three pouches which are made
of bolting silk to promote the effect of feed-
capacity and prevent the larvae from being siphoned
out. Any change in salinity brought about by
evaporation was controlled by means of the
addition of clean fresh water. Salinity was
checked every day by Winkler's method. and
the water temperature checked twice a day at
a.m. 10 and p.m. 8 to ensure a constant water
temperature. 48 individuals of newly hatched
larvae were placed under constant temperature

Fig. 1. The arrangement for filteration and circula-
tion of water. A, air tube; B, sand hox; C,
return tube; D, rearing pouch (12X12X15¢m);
total volume of aquaria: 30/ (see the text).
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(27.8~28.2°C) and salinity (3.12~4,03%) for
investigations on development when {fed on
Artemia nauplii in sufficient quantities so as to
maintain normal growth. During the experiment,
aeration and filteration of the aquaria was contin-
uously operated so that dissolved air in the water
was in a state of saturation. The result of periodic
checks by Winkler’s oxygen analytic method
showed almost saturated states of D.O. in the
temperature involved. For investigation on molt-
ing of each larval stage, individuals of the various
300 liter-flask for
individual observation and assurence of molting
After
anesthetized with 1 95 T-cain solution, and placed
After dissection all

stages were placed one in

periods. molting, the specimens were
on slide-glass for observation.
parts of the larval appendages, they were sketched
by camera-lucida under a common microscope.
The length of each appendage was measured with
a micrometer. Finally, the remains of the larvae
of each stage were put in 30 9% alcohol-glycerine

solution to preserve the characteristics of each

larval stage for further comparison on deve-
lopmental differences with “other Pulaemonid
larvae.

3. Result

32~68 eggs
slightly oval
average and

The adult female can carry about
The eggs are
in shape, measuring 144 X¢8 on

in laboratory rearing.
its color bright-gray. The larva emerges from
the eggs as zoea.

First zoea (Pl 1, figs. 1~17): body length
3.76, carapace length 1.09 mm.
2) with a branchiostegal spine, rostrum without

Carapace (hg.
tooth and straight. Abdomen of six somites,
the last of which is separate from the fan-shaped
telson (fig. 17). The pleula of fifth abdominal
somite is pointed posteriorly. Telson with 14
spines. Eyes sessile, base of it appears chromato-
phores.

Antennule (fig. 3) simple; the single basal
segment bears terminally a long plumose seta
and a short outer flagellum; outer flagellum with
three slender and one stout aesthetes and a
Antenna (fig. 4) biramous;
segmented; flagellum with eight segments and a

short seta. basis

peduncle, longer than scale with six short setae;
scale of a long basal segment, which is convex

La mer, Tome 6, N°

4 (1968)

on nner side, and four short terminal segments,
with 21 plumose setae on inner blade and a small
simple seta and a small spine at distal tip on
outside,
Mandible (fig.
with three teeth
teeth; two movable teeth in angle between molar
(fig. 6)

coxa with four inwardly directed

5) without palp; incisor process
at tip; molar process with two
and incisor processes. First maxilla
uniramous;
short spines; basis with four short teeth and two
spines; endopod simple, palp-like, with a terminal
Second maxilla (fig. 7) plate-like,
biramous; protopod three-lobed, armed with three,

short spine.

three and three setae; endopod unsegmented,

bears a seta on the lobe near the mid-portion and
one setae terminally; exopod a flattened gill
bailer with 18 setae around the margin, the last
posterior seta larger than the other.

First maxilliped (fig. 8) biramous;

reduced; basis with two medially directed setae;

coxa

endopod unsegmented, with four terminal and
one medial plumose setae; exopod larger than

endopod, with four apical and two sub-apical

plumose setae; epipod biramous. Szcond maxil-
liped (fig. 9) biramous; coxa reduced, basis with
five-segmented,

strong spines at junction of ultimate and penul-

two  setae; exopod with two
timate segments, ultimate segment with smaller
spines, a seta and a strong terminal claw; exopod
longer than endopod, with a cylindrical un-
segment with four apical and three pairs of sub-
apical setae. Third maxilliped (fig. 10) biramous,
with three setae on proximal segment; endopod
with four apical and three pairs of sub-apical setae.

First second pereiopod (figs. 11-12)
biramous; endopod three-segmented with rud:-
mental chela; exopod without apical and sub-
Third pereiopod (fig. 13) biramous,
endopod rudimentary segmented, exopod without
Fourth and fifth pereiopod (figs. 14~15)
rudimentary segmented.  Pleopod
(fig. 16) biramous without seta.

Prominent groups of yellowish orange chro-
group: p

and

apical setae.

seta.
uniramous,

matophores located on anal part and the base of
pereiopod.

(PL. 2, 18~34):
length 4,17, carapace length 1.33mm. Differs
from first zoea in the followings: carapace (fig.

Second  zoea figs. body

19) with a supra-orbital and two pairs of branchio-
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Plate 1. Larval development of Palaemon modestus. Figures 1~17 of first zcea. 1,
lateral view; 2, carapace; 3, antennule; 4, antenna; 5, mandible; 6, first maxilla:
7, second maxilla; 8, first maxilliped; 9, second maxilliped, 10, third maxilliped;
11, first pereiopod; 12, second pereiopod; 13, third pereiopod; 14, fourth pereiopod;
15, fifth pereiopod; 16, pleopod; 17, telson. Scale shows in mm.

£33)
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Rostrum  with a dorsal tooth.
Telson (fig. 34) with 14 large and two small
spines. The outlines of uropods are often visible
within telson. Antennal scale (fig. 24) with about
29 setae and no short distal segment; antennal
flagellum with 14 segments, longer than the
former stage, the terminal segment with six short
setae. Antennule (fig. 20) with three peduncle
segments, segments marked by long setae on inner
side and several small setae at outer side; five
long, four media and one short setae on distal
portion of peduncle. Mandible (fig. 22) almost
similar to postlarva in shape; incisor process with
two teeth; both processes degenerated.

First maxilla (fig. 23) degenerated, without
spine and tooth. Second maxilla (hg. 24):
protopod three-lobed, armed with one, two and two
setae; exopod setose. Maxilliped (figs. 25~27)
almost similar to the former stage in shape.
First and second pereiopods (figs. 28~29) more
advanced than the former. Third pereiopod (fig.
30) almost similar to the third maxilliped in
shape. Fourth and fifth pereiopops (figs. 31~32)
fully developed, four-segmented and terminate
with claw. Pleopod (fig. 33) armed appendices
internae except first pleopod.

Chromatophores more prominant than the
former, especially base of antenna and ventral
portion of abdomen.

First postlarva (Pl. 3, figs. 35~50): body
length 4.76, carapace length 1.40 mm. Rostrum
(fig. 36) shorter than antennal scale, with about
four dorsal teeth, the first of which is on the
carapace directly over the posterior margin of the
orbit. Carapace (fig. 36) with antennal and
branchiostegal spines. Posterior margin of fifth
abdominal pleura pointed. Telson (fig. 50) similar
to zoeal stage with 12 large and 2 small spines.
Uropod (fig. 50) biramous, unsegmented; inner
ramus rudimentary; outer ramus with about 22
plumose setae and a small spines. Length of
antennal scale (fig. 38) about 3.5 times its width;
antennal flagellum over half of body length, with
about 30 segments. Antennular peduncle of three
segments; stylocerite less than 1/2 the length of
the basal segment containing a statocyst and a
short ventral tooth. Inner antennular flagellum
(fig. 37) simle, five-segmented. Quter antennu-
lar flagellum three-segmented, bearing on the

stegal spines.

antipenultimate segment two, and on the penul-
timate segment two aesthetes, and a tuft on the
Mandible (fig. 39a) strong,
incisor process stouter than those of larval
mandible, with four teeth. Teeth of molar process
large and stout, without movable teeth.

Basal portion of first maxilla (fig. 39b) bilobed;
coxa with seven inwardly spines; basis with nine
spines; endopod with two short teeth on distal.
Basal portion of second maxilla (fig. 40) bilobed,
each lobe bearing on its inner surface seven setae;

ultimate segment.

endopod unsegmented without setae; exopod
Basal portion of first maxilliped (fig. 41)
bilobed, the lobes with coarse spines; exopod
with four apical and two sub-apical spines. Second
macxilliped (fig. 42) with four-segmented endopod,
ultimate and penultimate segments wider than

setose.

long, armed with coarse spines; exopod with
four apical and two sub-apical setae; epipod
small, bilobed. Third maxilliped (fig. 43) with
four segmented endopod, coarsely setose through-
out; endopod reduced; epipcd tiny, bilobed.

First pereiopod (fig. 44) chelate, somewhat
stouter and shorter than second pereiopod;
exopod rudimentary. Second pereiopod (fig.
45) chelate, cutting edges of chela without
serrations or teeth. Exopod of third pereiopod
(fig. 46) rudimentary; endopod fully developed.
Fourth and fifth pereiopod (figs. 47~48) fully
developed. Pleopod (fig. 49) with setae.

Uropod (fig. 50) biramous; inner ramus bare;
outer ramus with a spine and about 22 setae on
the outer margin. Telson (fig. 50) resembles
to the former but elongated and narrower, with
12 large and two small spines.

Second postlarva (Pl. 4, figs. 55~67): body
length 5.03, carapace length 1.52mm. Rostrum
(fig. 52) with about six dorsal and no or
a, ventral teeth. Posterior margin of abdominal
pleura rounded. Telson (fig. 67) more elongated
and narrower posteriorly than anteriorly, armed
with eight stout and posterior, two lateral spines
and two anal setae. Uropodal endopod (fig. 67)
setose; exopod sparesely setose along outer edge
with a tooth, a movable spine in the disto-lateral
corner and about 26 setae around the tip and on
inner edge.
and antennular

Antennal flagellums (figs.

53~54) more segmented. Exopods of Afirst,

(34)
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Plate 2. Larval development of P. modestus. Figures 18~34 of second zoea. 18, lateral view:
19, carapace; 20, antennule; 21, antenna; 22, mandible; 23-24, 1st-2nd maxilla, 25-27, 1st,

2nd and 3rd maxilliped; 28-32, lst. 2nd, 3rd, 4th and 5th pereiopod: 33, pleopod; 34,
telson.

(35



268

LLa mer, Tome, 6, N° 4 (1968)

Plate 3. Laval development of P. modestus. F.gures 35~50 of first post-larva. 35, lateral
view; 36, carapace; 37, antennule; 38, antenna; 39a, mandible, 395, Ist maxilla; 40, 2nd
maxilla; 41-43, maxilliped; 44-48, pereiopcd; 49, pleoped; 50, telson.
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second and third pereiopods degenerated. Number
of setae and spines of all appendages more
increased.

Third postlarva (Pl. 5, figs. 68~85): body
length 6. 11, carapace length 1,73 mm. Telson
(fig. 85) more elongated and narrower posteriorly,
armed with six lateral and two large, two media
and four small posterior spines, and two anal
setae. The forms of appendages almost resemble
to the former except in size and numbers of
segment, setae and spines.

Fourth postlarva (Pl. 6, figs. 85~103): body
length 6.36, carapace length 1.83mm. Telson
(hg. 103) more elongated and narrower, armed
with six lateral, two large ard four small posterior
spines, and two anal setae.

Fifth postlarva (Pl. 7, figs. 104~121): body
length 7.26, carapace length 2.0l mm. Rostrum
(fig. 105) with 6~7 dorsal and about two ventral
teeth.  Telson (fig. 121) armed with six lateral,
two long and a anal spines, and two anal setae.
The larva in this stage has the morphological
characters of post larva of common type, classified
by Sollaud’s three basic types of larval develop-
ment. The characteristics of each stage is shown
in Table 1.

The larva of I

laboratory a day after hatching to the zoea,

modestus molts  in  the

and from the second zoea regularly spents
molting period, two days per a molting. The
growth of larva is shown as Table 2 under
present experimental conditions. The relationship
between the stage number (x) and body length
(y) may be expressed by the Brooks formula
(1885), y=pfe,

constants.

where a and S represent
Computing the approximate value,
the following relation be obtain y=23. 322 1135 »,
(Fig. 2) According to the same method of comput-
ing, carapace length and abdomen length are also
fit on the Brooks’ formula, each « and 8 values
are as follows: Carapace length a=0. 0935, f=
1.052; abdomen length «=0.1184, B=2.323.
The correlation between both of abdomen and
carapace length is shown in Fig. 3. The
relationship between both of carapace (X) and
abdomen (Y) lengths may be expressed by the
linear formula, Y=aX+b, where a and b
represent constants. . Computing the approximate
value, the following relation be obtain Y =4, 25X
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—2. 84.

4. Discussion

The female of this species carried eggs from
32 to €8 under laboratory conditions. The
diameter of the eggs averaged 144x98, th-

(37)
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Table 1. The characteristics of larva, Palaemon modestus (Heller), fed on Artemia salina nauplii.
\\\ ltem‘ . ; Inter-
\\\\ | (Jlaelr?gta}ie 1131?2511 n11\<1>(1)11t Recognized Characteristics
J‘ } Sessile eyes; antennal flagellum with 9 segments, longer than
1st 1.09 mvﬂj 376 mm 1 § the secale; Ist and 2nd pereiopods armed with rudimental chela;
Zoea ; : ! pleopods biramous without setae and all pleopods appear, but
} E imperfectly without apical setae.
_ 4 _
i ‘ | Stalked eyes; rostrum with dorsal teeth; super-orbital spine
ond | appears; antennal flagellum with about 14 segments; endopods
) 1.33 4.17 2 - of 1Ist and 2nd pereiopods armed with apical setae; pleopods
Zoea “ with appendices internae, but both of endopods and exopods
| { armed without setae yet.
i Rostrum with 4~6 dorsal teeth; super-orbital spine disappears:
Ist mandible, maxilla, maxilliped, pereiopods and pleopods show
Postlarva j 1. 40 470 3 postlarva’s  characters; antennal flagellum with about 28
| segments, its length is almost 4 times longer than the scale;
‘ {an-shaped telson transforms into triangle and biramous uropods
appear, but the endopod is naked.
\1 _ -
} Rostrum with 5~6 dorsal and a ventral teeth; antennal flagellum
Znd RN i 5 03 4 with about 33 segments; posterior margin of telson is narrow
Postlarva o j ‘ and elongated, with a pair of lateral, 4 pairs of distal spine and
j‘ I a pair of long plumose seta; uropods biramous perfectly.
| | _ _ -
| Antennal flagellum with 38 segments; telson with 3 pairs of
3rd L7 611 5 lateral and 4 pairs of distal spine, a pair large and 3 pairs small,
Postlarva ( ' and also centro-distal portion armed with a pair of long plumose
seta (anal seta).
A Rostrum with 6 dorsal and a ventral teeth; the antennal flagellum
0 1.83 6. 36 6 with 48 segments; telson with 3 pairs of lateral and 3 pairs of
Postlarva distal spine, outer a pair long and inner 2 pairs small.
Rostrum with 6 dorsal and 2 ventral teeth; antennal flagellum
5th 5 01 7 9% 7 is longer than the former stage; appendices internac of pleopods
Postlarva - k B armed with a seta on the base of it; telson with outer a pair
of long and a short anal spine on central portion only.
. i All appendages in form are almost similar to the former stage
bib o218 . 8.M | 8 except for the size and numbers of seta armed on each app-
Fostlarva | } endages.
| i

(38 )
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54 63 &4

62

Plate 4. Larval development of . modestus. Figures 51~67 of second postlarva. 51, lateral
view: 52, carapace: 53, antennule: 54, antenna; 55, mandible; 56 57, maxilla: 58 60,
maxilliped; 61-65- pereiopod: 66, pleoped: 67, telson.
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Plate 5. Larval development of . modestus. Figures 68 85 of third postlarva.

82

68, lateral

view: 69, carapace: 70, antennule: 71, antenna; 72, mandible: 73-74, maxilla: 75-77,

maxilliped: 78 82, pereiopod: 83, pleopod: 64, telson: 85, uropod.
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97

Plate 6. Larval development of P modestus. Figures 86~103 of fourth post-larva.  86. lateral
view; 87, carapace; 88, antennule: 89, antenna; 90, mandible: 91-92, maxilla: 93-95,
maxilliped: 96-100, pereiopod: 101, pleopod: 102, telson: 103, uropod.

C42)
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il
mmo ne 114

Plate 7. Larval development of P. modestus. Figures 104~121 of fifth post-larva. 104, lateral
view; 105, carapace; 106, antennule; 107, antenna; 108, mandible: 109-110, maxilla:
111113, maxilliped: 114-118, pereiopod: 119, pleopod: 120, telson: 121, uropod.
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3. Three tvpes of larval development.

Type of
development

Species

Palaemon paucidens

Author

YOKOYA, 31
UNO et al., ’65

UNG ¢t al.
(unpublished)

GURNEY, '24

Locality

Fresh water
Brackish

Brackish

”
Oceani:
"

Marine

P. macrodactyrus
P. serrifer
. orientis
P ortomany
. P. pacificus
P. squilla
Common P. longirostris
L=
(vpe Palaemonctes kadiakensis
P varians
. pugto
I vulgaris
Macrobachium nipponense
M. rosenbergii
alaemonctes anlennarius
Pal. ! lennarius
I

. paludosus

Abbrivated

Palacmon pandaliformis

tvpe
Thor sp
*Palaemon niodestus
~ - Palaemonctes mesogenitor
Complete ! e R
suppression o .
mt)vpe Neocardinia denticulata

" Brackish
BROAD et al., 63 Fresh water
Du CANE, 1839 Brackish
Boas, 1889
Braob, '57 Brackish

r ”

UNO et al., 65 Brackish
(in press)
LLING, '65 "

Boas, 1889 Fresh water
Fresh water
MEEHAN, '36,
DOBKIN, 63
SOLLAUD, '23 [Fresh water
DOBKIN, 62 ?

Present paper Fresh water

SOLLAUD, 23 Fresh water

MIZUE et al., '60 Fresh water

body length and carapace length, directly after
hatching, 3.76 and 6. 09 mm, respectively. The
egg was found to be slightly larger than any of
the palaemonid species found in Japan.

The larvae passes through two zoeal stages
and four postlarval stages before taking on the
normal morphology of the postlarva. According
to the developmental Types of SOLLAUD (1923).
this species belongs to Type II. The numbers
of species that corresponds to this type are very
few, P. antennarius (Mayer, 1881; Boas, 1889;
Sollaud, 1923), P. paludosus DOBKIN, (1963) and
P. pandaliformis (Sollaud, 1923) are the only
species reported belonging to this type. It is of
interest to note that in the former two species
described above are experienced three zoeal stages

(

44

before the postlarval stage is reached, while in th's
On this
particular point, because the eggs of this species
are larger than other species and the pleopods of
newly hatched zoea are branched; it is believed
that the first zoeal stage of the two former
species is experienced within the egg and thus the
one less zoeal stage in this species. Moreover, the
morphology of all the appendages of the 1st~4th
postlarvae show characteristics of the postlarvae
of species of Sollaud’s developmental Type 1, but
the telson structure is rather more representative
of the zoeal stage.

species two zoeal stages are experienced.

The four postlarval stages
are experienced before achieving the postlarval
characteristics belonging to the Type [ (two

plumose anal setae and an anal spine at the

N

J



The Larval Development of Palaemon modestus (Heller) in the Laboratory

terminal of telson). The postlarva of 1’ paludosus
(DOBKIN, 1963) is believed to correspond to?the
first postlarval stage of this species.

SOLLAUD has shown three types in the develop-
ment of the larvae. The developmental types
of the Paluaemonid shrimp is shown in Table 3.
The type 1 is the basic and common type, which
experiences all zoeal stages without abbreviation,

Type II which often abbreviates some zoeal
stages and further Type III which lacks
completely zoeal stage belongs mostly to the

fresh water species.

The authors surveyed habitat of . paucidens
helonging to Type I and this species of Type I1
in the vicinity of Seung-am of Nak-dong river
At salinity of 0. 04%s,
species live together and

near Pusan. large numbers
of both
salinity rises to 1~2%,, P. modestus retreats to
the confluents of the tributaries (Unpublished).
Of the two fresh water species, the species which

when the

belongs to Type Il avoides even slight rises in
salinity, as stated above, and migrates upstream.
In contrast P. paucidens is not influenced in the
least. From the point of view of Dobkin’s
consideration, that the larvaec of species which
live for longer pericds in fresh water tend
to abbreviate larval stages, it can be that I
modestus adapted itself to fresh water earlier than
P. paucidens.
estuary this species is influenced by the change
in salinity and migrates more actively. It is of
interest to note that larvae of fresh water species

abbreviate some larval stages and thus shortens

As a result, in the vicinity of the

However, it is necessary
At

least, the sudden changes in salinity are due to

the period of larval life.
to investigate this also from other angles.

cause migration to areas of fresh water and the

changes in the kinds of food etc. may be

influencing factors.
5. Summary
1. Palaemon modestus (Heller) was reared in
the laboratory from eggs to postlarvae.

2. Under laboratory conditions there are two
zoeal stages and four postlarval stages. These
are described and figured.

277

3. First zoca of this species differs from  the
larva of Palaemonetes paludosus in biramous
pleopods which are rudimentary in the latter

species.
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Circulation générale induite par l'irrégularit¢ de la
rotation d’un bassin empli d’un liquide pesant”

Hisako HARA™ et Kenzo TAKANO™

Méme si I'axe de rotation d’un bassin tournant
empli d'un liquide pesant se tient exactement &
une direction donnée, le liquide ne peut étre au
repos par rapport au bassin que si la vitesse
rotatoire du bassin est rigoureusement uniforme.
Afin d’assigner une limite tolérable a la précision
de la rotation du bassin dans une expérimentation
sur modéle réduit de la circulation générale dans
un océan, nous nous proposons de calculer le
mouvement de 'eau dans un bassin rectangulaire
produit par une variation périodique de sa vitesse
rotatoire. Ce calcul sert évidemment a évaluer
I'intensité de la circulation générale qui devrait
avoir lieu dans un océan réel a cause de la non-
uniformité de la rotation de la Terre.

Pour simplifier le probléme, nous faisons les
hypothéses suivantes: 1° La profondeur est
constante, 27 Il n’y a pas de frottement au
fond. 3° Le frottement da a la turbulence est
proportionnel a la vitesse. 4° Tous les termes
non linéaires sont petits. 5°
¢{plan B est valable.
sont justifiées en tant qu’il s’agit de I'évaluation
approchée.

L’approximation
Toutes ces hypothéses

Cela posé, les équations du mouvement
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ou lorigine du systéme de ccordonnées se situe
sur I’équateur, les axes X, Y et Z sont orientés
respectivement vers l’est, le nord et le bas, u, v
et w sont les composantes de la vitesse, p est la
pression, o est la densité, ¢ est le temps, @ est
la fréquence angulaire du bassin, ¢ est la latitude,
k et A sont les coefficients de frottement.
L’équation de continuité s’écrit:
ou ov  oJw
ST AT ) (3)
dx Oy 0z
Laissant de coté la vitesse elle-méme, nous
nous bornons a |'intégrale de la vitesse depuis la

H
surface (2=0) jusqu'au fond (z=H): U=\ udz
R .

FURS

S
et V:s vdz. L'équation (3) devient donc:
oU oV 3L
+-, — =0 (4)

dx ;)y ot
Le troisiéme terme peut étre négligé, si la
période du mouvement est plus longue que 2 ou 3
semaines en cas des océans réels (TAKANO, 1965).
Cela étant notre cas, il est négligé. L’équation

(4) permet donc d’introduire la fonction de courant

oo
ox”
La pression étant éliminée, les équations (1)

-et V=

@ de sorte que U=~
oy

et (2) se raménent a:

](a + 2 Nousl?
Noxr T oy ) Pox

Hdm 9 sin ¢4 Q+1‘1 . L)
=H——(2sin¢+¢ cos ¢+ ——sin ¢
dt 2R
dr,  or, -
(o) -
oy 0x
ou 7, et v, désignent la force d’entrainement du
; 0 :
vent, R le rayon de la Terre et 8= afy«(Zw sin ¢).

On met w=w,+dwsin g¢ avec les constantes
wy, dw et g, ol wy>dw, et f=2w,cos /R et
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p=y/R.  Dailleurs, 3 est considéré comme uniforme est done de l'ordre de 1072 par rapport
constant. a 107Y de lPeffet du vent. Celui-la sera donc
En cas de la Terre, dw/dt est tout au plus de complétement négligeable.
Pordre de 10-"®sec™? et le rotationnel de la force Supposons que le bassin est borné par x=0,
, R dr, O, L. Les conditions aux limites sont /=0 pour
d’entrainement du vent To— ) est de .
< dx Oy > z=0, L. Sans le rotationnel de la force
lordre de 10-°. La profondeur H est a peu d’entrainement du vent, la solution de I’équation
prés 5X10°cm. L’effet de la rotation non (5) s’écrit en forme de:

—ain Y e et O A aix_ﬁi@ﬂzﬂ}
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4 R*H?4w )]
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. & . Re*Hdw
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Ici, a; et A; sont des constantes complexes a déterminer par les conditions aux limites,
Ci=20:/{R(62+ R}, Di=c(32—R2)/(kd:2+80:—k/R?) et d; sont les racines de 1'équation:
(R4 02) 0+ 2kB0% — 2{ (k2 +0?) /R? — 3%, 0% - 2kB3/ R+ (kB*+a?) /R =().
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Fig. 1. Lignes de courant dins le cas 1. ¢7=0. Fig. 2. Lignes de courant dans le cas 2. o7'=n/2.
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Fig. 3. Lignes de courant le long de la frontiére ouest dans le cas 2. ol'=m/2,
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Il n'y a pas de froatiére au nord et au sud. Si
I'on installe des frontiéres & deux latitudes et Y
impose la condition V=0, la solution sera plus
ou moins modifiée dans les couches limites le
long des frontiéres qui ont plusieurs centaines de
kilométres de large.

A titre d’exemple, les figures 1 et 2 illustrent
les lignes de courant & ¢r=0 et 4 ot=x/2 obtenues
par les données numériques suivantes: R=6,37
X168, L=10% 8=2%10"1, H=4x10° k=107,
d=1,99X 1077, wy=7,27X107% et dw=1,5x 1012,
Ces valeurs de o et dw se référent a la variation
annuelle de la rotation de la Terre. L’équation
(5) suggére que odw est une des mesures de
I'effet de la rotation non uniforme. En cas de
la Terre, odw devient maximum pour la variation
annuelle. La répartition des lignes de courant
prés de la frontiére ouest a ¢/=zx/2 se montre
en détail dans la figure 3. Le maximum des
valeurs de la fonction de courant a et=nz/6
(n=0, 1, -+, by est 1,9x10', tandis qu’elle est
3X 10" pour £=10"", si P'on tient compte du
rotationnel de la force d’entrainement du vent en
forme de 0,8 cos (2xy/2R).

Le tableau 1 montre I'intensité de la circulation
pour d'autres données numériques. @mAX
désigne le maximum des valeurs absolues de @
caleulée a ot=nx/6 (n=0, 1, ---, 3) et 6T}, x,
et y, désignent le temp, D'abscisse et l'ordonnée
ot a lieu ce maximum. Les cas 1 a4 se référent
aux variations annuelle, semi-annuelle, mensuelle
et semi-annuelle de la rotation de la Terre et le
cas 5 se référe a une expérience sur modéle
réduit. Dans ce dernier cas, la valeur de % est
obtenue par la relation A=A/(dx)> ou A,
coeflicient de viscosité moléculaire, est pris 0, 866
X 1072 et dx, largeur représentative de la couche
limite d’ouest, est provisoirement supposé 20, 93.
Le terme 0(/0¢t peut étre toujours négligé.

Le tableau montre que la rotation non uniforme
de la Terre n’a pas d'importance, méme en
comparaison de la variation périodique de la
circulation due a la variation périodique de la
force du vent dont I'amplitude sera probablement
de I'ordre de 10%3.

Le résultat ci-dessus sert d’une mesure du
contrdle de la rotation d'un bassin tournant
expérimental.
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Table 1.

Coefhicients p
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and A (in C.G.S.).

Depth N o |
(m) [ o om o
50 - 383 2131 252 17
100 73 391 -71 ¢ -287
150 52 807 783 -493
2 200 134 1994 = -167 1753
250 73 2415  -225 757
300 180 46545 628 17150
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TEIKOKU SANSO K.K.

(Filiale de L'AIR LIQUIDE, Paris)

Ses 23 Usines, 23 Agences et Bureaux de vente, 22 filiales,
100 distributeurs produisent et distribuent:

Gaz Industriels: Oxygéne, Azote, Acétyléne dissous, Argon,
Néon, Hélium, Xénon, Krypton, Propane, Butane.

Matériels et produits pour la soudure

Installations de séparation et de purification de gaz i basse

température

Son Département Développement représente au Japon les procédés
de nombreuses sociétés. entre autres,

L’AIR LIQUIDE

Société Chimique de la GRANDE PAROISSE

Société d’Electro-chimie, d’Electro-métallurgie et des Aciéries
électriques d’'UGINE

Compagnie de Filage des Métaux et des Joints Curty (CEFILAC)
Compagnie PECHINEY-SAINT-GOBAIN

Compagnie de Produits Chimiques et Electro-métallurgiques PECHINEY
Société KLEBER-COLOMBES

Le Méthane Liquide

Société des Tres Basses Températures

Société PRAT-DANIEL

Institut Frangais du Pétrole

Compagnie Générale de Télégraphie Sans Fil

Compagnie des Compteurs

Société POCLAIN

Société HISPANO-SUIZA

Société NADELLA

Société GURY

Société HYDRO-MECA

Société de Forgeage de Rive de Gier

~te. etc.. ..

22/1 Tokoamatsu-cho, Hyogo-ku, Kobe, Japan
P.O. BOX No. 522, KOBE PORT JAPAN
(Siége Légal: Nihon Gas Kyokai Bldg. 38, Kotohira-cho. Shiba,

Minato-kuy, Tokyo, Japan )
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INSTRUMENTS

OCEAN!

Ocean’s natural resources and it's
development may be said, primarily,
depends on the manufacturer as being a
specialist in producing instruments and
machinery for all branches of oceanogra-
phical study and survey.

We are a coporation with a long experience
in this field and our products being distri-
buted to all corners of the world.

THE TSURUMI-SEIKI KOSAKUSHO CO., LTD.

(M. IWAMIYA) PRESIDENT
No. 1506, Tsurumi-cho, Tsurumi-ku,Yokohama,Japan Phone:Yokohama(521)5252~5

Sales Representative in the U.S.A,
CM:z INC.

193 Constitution Drive. Menlo Park, California 94025
Phone : (415) 323-7734
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PRECISION ECHO SOUNDER
FOR DEEP SEA RESEARCH
12, 000 meters below the sea surface can be sounded
with a good accuracy.

LR E 2 R L 712, 000m
Ed 7"67)7*?1'&3’1‘%1‘1‘N~ e i
F- BT AHE T koL
P EMEDOBLRT — 7 DEERE Y
TLMRTE B3k Td. $rc
F- b -G 2 LT
ORI BRI 2 R A AT
HWEEA T 5 4

This equipment is for sounding
sea bottom as deep as 12,000
meters from a marine research
ship with very high accuracy.

It has various ranges of scale;
however, the scale range is
automatically shifted from on2
to another with the sudden cha-
nge of depth. The recorder
is so designed that it can co-
work with other equipments for
recording various kinds of data.
% & Feature especially with sonar pinger.

O BERE LA - kB > 2ok [

. D The special transmitting system and the ma-

Etd@ E D THEMNES % iﬁ'Jrf/ﬂ 55, gnification of range scale enabie the (.\g;erator

L -y to take direct rcading from the record.
V\]ﬂé’i])ﬂ(lja UTN; 2 il \Udf”’\*q’ 3 4EE 23 The self contained crystal watch improves
K ~b 000, O ~12,000m> 7 L b the accuracy of recording.
0~1, 000 0 2 3) The recording device has three ranges, 0O to
v 7(4\’%£1b”‘0 CHThH»D 1, 000 meters, O to 6,000 meters, and Oto
e X 12, 000 meters. Their full range scales make
@ Bi[ju[_,,/ﬁi%a- iﬁ}] FTU HHJL&% 2y e reading of the change of depth casy.
7t4z~1- N V)ﬁvgn 7 486 mm J)'!' I\‘ubffﬂ}(, ‘}4\ o 4) Multiple number of rccorders can be opera-

o b ¢ -F1e o . ted in parallel.

@ IZ:R{;qudff'?h‘rti:’ PV b S A TS E R 5) 486 mm width dry type recording paper is
; Y i T XA adopted, which makes reading easy.

Bl Biifid bbb TS b 6) The transmitter and the receiver can be
installed in consol or in seperated areas as
desired.
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MARINE INSTRUMENTS CO.,LTD.

FOR SHALLOW 119 KANDA NISHIKI-CHO, CHIYODA-KU, TOKYO.
' CABLE ADDRESS "MARINEINSTRU™ TOKYO

i

for surveying shallow sea, harbors.
lakes, dames, rivers.
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AuTo-LAB INDUCTIVE SALINOMETER

#—A+r3 0% C.S.LR.O.» BROWN Jo
HAMON W[z & » THigg S hfe, =271
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Tt B
BEEGE c fEEESE 27.8~42%0 S
(s X b 0~42%0 S W fE
B : 0.0004% S
3 BE o +0.003%S
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HBEN @ FRKDBW
@ @ T F : 30x68x50cm
=5 g : kg
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b
p=!
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WOEHREYE KK W IE 107017
LB - BLFEHRES TEL (811) 5954, 0044 (812) 2360

REVERSING THERMOMETER

B e S

Protected

Enprotected

Patenied parallax-free back scale, opal glass
back sheath enable precise measurements.
Write for details

s Yoshino Keiki Co. [ memomes

Precise Thermometer
I 14, NISHIGAHARA KITA-KU Mercury Barometer

TOKYO JAPAN Hydrometer
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Koden Radio Navigation Instruments

Radio Direction Finder
Loran Receiver

Echo Sounder

Fish Finder

Facsimile Receiver

Morse Teletype Converter
Morse Code Selector

O Kodin Electionics Co. L1d,

10-45, Kamiosaki 2-chome, Shinagawa-ku, Tokyo, Japan

Bearing Indication of Radio Direction Finder

Tel: Tokyo 441-1131

Coble Address: "KOELEC TOKYO"
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